Morphological and molecular evidence shows that Spruceanthus wiggintonii A.E.D.Daniels, K.C.Kariyappa & P.Daniel from southern India is a synonym of the widespread Ptychanthus striatus (Lehm. & Lindenb.) Nees.
Introduction

Daniels et al. (2010) published a new species Spruceanthus wiggintonii
from the Western Ghats (Tamil Nadu and Kerala states), southern India. The authors suggested that the species was closely allied to S. thozetianus (Gottsche & F.Muell. in Mueller 1880: 63) Thiers & Gradstein (1989: 62) but differed from the latter by having 10-keeled perianths, entire female bracteoles and larger spores. Examination of isotype (Daniels 1433) and paratype (Kariyappa 109) material of S. wiggintonii, however, shows that the material belongs to Ptychanthus striatus (Lehm. & Lindenb. in Lehmann 1832: 16) Nees (1838: 212) rather than the genus Spruceanthus Verdoorn (1934: 151) because of the following characters: 1) branches predominantly of the Frullania-type (predominantly Lejeunea-type in Spruceanthus); 2) median leaf cells elongate and with cordate trigones (isodiametric and with simple-triangular to radiate trigones in Spruceanthus); 3) keel of inner female bracts with a large wing (wing absent in Spruceanthus). The 10-keeled perianths, entire female bracteoles and rather large spores are also characteristic of P. striatus. The latter species is a common and widespread epiphyte in montane rainforests in the tropical and subtropical regions of Asia, Oceania and northern Australia (e.g., Zhu & So 2001 , Ahonen et al. 2005 . Our conclusion on the status of S. wiggintonii is supported by the original illustration of this species, which fits P. striatus well, and by molecular evidence.
Materials and methods
Sampling, DNA extraction and sequencing
To reveal the phylogenetic position of Spruceanthus wiggintonii, a total of 23 samples from 16 species representing 7 genera of the core Ptychanthoideae were investigated in this study, including two samples of Lopholejeunea (Spruce 1884: 119) Schiffner (1893: 119, 129) , two of Mastigolejeunea (Spruce 1884: 100) Schiffner (1893: 129) , one of Phaeolejeunea Mizutani (1968: 130) , eight of Ptychanthus Nees (1838: 211), six of Spruceanthus (including the paratype of S. wiggintonii), two of Thysananthus Lindenb. in Lehmann (1844: 24) and two of Acrolejeunea (Spruce 1884: 115) Schiffner (1893: 128) as outgroup representatives based on the clade A4 of Wilson et al. (2007) . Thirteen trnG, 11 trnL-trnF and 11 nrITS sequences from Sukkharak et al. (2011) were used in the analyses as well as three trnL-trnF and three nrITS from Wilson et al. (2007) ; all other sequences were newly generated. Vouchers of newly sequenced specimens have been deposited in HSNU with the exception of S. wiggintonii kept in SCCN. Voucher information and GenBank accession numbers used for phylogenetic analyses are given in Table 1 . The youngest parts of the shoots were isolated from fresh specimens or herbarium specimens collected in the last seven years. Total genomic DNA was extracted using a Qiagen DNeasy Plant ® Mini Kit. The trnL-trnF, trnG and nrITS regions were amplified using previously published protocols: trnL-trnF region from Taberlet et al. (1991) , trnG from Pacak & Szweykowska-Kulinska (2000) and nrITS region from Hartmann et al. (2006) . The PCR program was as follows: 3 min initial denaturation at 94°C, followed by 35 cycles of 1 min denaturation at 94°C, 1 min annealing at 50°C, 1 min elongation at 72°C and a final extension step of 10 min at 72°C before being held at 4°C.
Sequence alignment and phylogenetic analysis Sequences were manually aligned using PhyDE v.0.997 (Müller et al. 2008) . Ambiguous positions were determined visually and excluded from the alignment for following phylogenetic analyses. The data matrices and a single tree of Bayesian analysis (Figure 1 ) are deposited on TreeBase (URL: http://purl.org/phylo/treebase/ phylows/study/TB2:S15079). With the command files of the parsimony ratchet (Nixon 1999 ) generated from the program PRAP2 (Müller 2007) , Maximum parsimony (MP) analyses were conducted using PAUP v.4.0b10 (Swofford 2002) . The heuristic search mode was run with 10 000 random-addition-sequence replicates and TBR branch swapping. All characters were treated as equally weighted and unordered. Maximum likelihood (ML) analysis was performed using Garli v.2.0 (Zwickl 2006 ) under the GTR model with default settings. Bootstrap values of ML analyses were obtained by 1000 bootstrap replicates of heuristic phylogenetic searches. The three marker regions were first explored separately to check for possible incongruence among them. The optimum model for evolution was based on criteria for the hierarchical likelihood ratio test (hLRT) and Akaike Information Criterion (AIC) using MrModeltest v.2.3 (Nylander 2004 ). Bayesian searches were performed using four simultaneous Markov chain Monte Carlo (MCMC) with a heterogeneous model for one million generations, sampling every thousandth generation. Tracer v1.5 (Rambaut & Drummond 2009 ) was used to determine the burn-in point and examine the log likelihoods for each run. Bayesian posterior probability (PP) were generated from the remaining trees after discarding the first 50 trees of each run.
The strict consensus trees from three separate analyses were compared to identify conflicting nodes supported by at least 70% (Mason-Gamer & Kellogg 1996) . The three datasets were combined into a single matrix as partitions when there was no conflict among topologies. Subsequently the combined data were submitted to Bayesian analysis using MrBayes v.3.0 (Huelsenbeck & Ronquist 2001) and BI trees were generated. The consensus trees and support values from different analyses were compiled in Treegraph2 (Stöver & Müller 2010) .
Results
Alignment of the combined dataset included trnG (660 sites), trnL-trnF (415 sites) and nrITS (1009 sites). Of the total of 2084 investigated sequence characters, 1376 were constant, 484 were parsimony informative and 224 were autapomorphic. The MP analysis resulted in four maximally parsimonious trees (MPTs) with a length of 1583 steps, and with a consistency index (CI) of 0.640 and a retention index (RI) of 0.680. All ML searches yielded consistent topologies. Since the ML tree (ln = -10454.9897) and the BI tree were congruent with the MPTs from MP analysis except for the node of the location of Phaeolejeunea etesseana (Stephani 1912: 133) Mizutani (1968: 133) that lacked support, only the majority rule consensus tree derived from BI was presented (Figure 1 ). Spruceanthus and Ptychanthus formed two robust sister clades (MLBS = 100, PP = 1, MPBS = 99 and MLBS = 100, PP = 1, MPBS = 100, respectively), and Spruceanthus wiggintonii was nested in the Ptychanthus striatus clade.
Discussion and taxonomic treatment
Recent molecular-phylogenetic studies have shown that Ptychanthus and Spruceanthus are sister genera (Wilson et al. 2007 , Sukkharak et al. 2011 . Morphologically the two differ by the above-mentioned characters (branching, leaf cell shape, trigone shape, appendages) as well as by growth form (dendroid in Ptychanthus, not dendroid in Spruceanthus) and oil bodies (segmented in Ptychanthus, homogeneous in Spruceanthus) (e.g., Sukkharak et al. 2011) . In their description of Spruceanthus wiggintonii, Daniels et al. (2010) mentioned the presence of homogeneous oil bodies in the species. As shown by Gradstein et al. (1977) , Gradstein (1994) and Thiers & Gradstein (1989) , under Archilejeunea (Spruce 1884: 88) Schiffner (1893: 130) , segmented oil bodies may become homogeneous before disintegration and this has been a source of many errors in the past. It has led to erroneous reports of homogeneous oil bodies in taxa of Lejeuneaceae which in the fresh state are characterized by segmented oil bodies. The changes in the oil body morphology may occur already within one day after collecting. It is very likely, therefore, that the homogeneous oil bodies observed in S. wiggintonii were modified ones. Thiers & Gradstein (1989) noted that dried material of Ptychanthus striatus may be confusingly similar to Spruceanthus thozetianus but differs from the latter by absence of Lejeunea-type branches. Our examination of numerous Asian specimens of P. striatus and some from Oceania showed that a few Lejeunea-type branches may sometimes occur in some plants of P. striatus in addition to abundant Frullania-type branches. Frullania-type branches, on the other hand, are never lacking in any specimen of P. striatus. They are readily recognized by being more robust and longer than Lejeunea-type branches (in addition to their different origin, position relative to leaves, lack of collar etc.) like in Acrolejeunea and Trocholejeunea Schifffner (1932: 160) (Gradstein 1975 , Mizutani 1989 .
The appendage on the keel of the inner female bract in Ptychanthus striatus has seldom been described but its presence was noted by Awasthi & Srivastava (1987) and Mizutani (1969) . Our study of a large series of specimens of P. striatus from China shows that these wing-like appendages are always present but may vary in size (see also Daniels et al. 2010, figs. 16-17) . Similar appendages on female bracts occur in other members of Lejeuneaceae subfam. Ptychanthoideae such as Frullanoides Raddi (1822: 13) and Thysananthus, but they have never been observed in Spruceanthus (Sukkharak & Gradstein 2010) . Mizutani (1961) discussed the variation in the leaves, underleaves, female bracts and bracteoles in P. striatus and recognized two extreme forms: plants with strongly dentate leaves, underleaves, bracts and bracteoles, and plants with subentire ones. Spruceanthus wiggintonii is representative of the latter form of P. striatus. 
Formal treatment
